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ABSTRACT 

Regardless of their close proximity, abundance measurements for both stars in a Centauri 
by different groups have led to varying results. We have chosen to combine the abundance 
ratios from five similar datasets in order to reduce systematic effects that may have caused 
inconsistencies. With these collated relative abundance measurements, we find that the a Cen 
system and the Sun were likely formed from the same material, despite the [Fe/H] enrichment 
observed in the a Cen binaries: 0.28 and 0.31 dex, respectively. Both a Centauri A and B 
exhibit relative abundance ratios that are generally solar, with the mean at 0.002 dex and 0.03 
dex, respectively. The refractory elements (condensation temperature > 9QQK) in each have a 
meanof -0.02 and 0.01 dex and a 1 cr uncertainty of 0.09 and 0.11 dex, respectively. Given the 
trends seen when analyzing the refractory abundances [X/Fe] with condensation temperature, 
we find it possible that a Centauri A may host a yet un-discovered planet. 

Key words: abundances — stars; fundamental parameters — planetary systems 



1 INTRODUCTION 

In order to understand the evolution of the solar neighborhood and 
the Milky way, we utilize the chemical compositions of stars. Thin- 
disk stars in the vicinity of one another are usually affected by the 
same astrophysical events, which are then recorded in the proto- 
planetary disk composition. Through the anal ysis of their compo- 
sition, mainly via theoretical models such as IWooslev & Weaverl 
( Il995l) . we are able to better constrain events that determined the 
initial mass, star formation rate, inherited composition, and stellar 
yields. 

Despite a litany of work analyzing the stellar atmospheric pa- 
rameters and metallicity of the a Centauri (Cen) visual binary sys- 
tem, there seems to be little consensus between the measurements. 
Even questions regarding the similarity of the stars to the Sun, to 
each other, or with respect to certain elements are not consistent. 
IPorto de Mello et al.l l l2008r) . the most recent of the authors to an- 
alyze the abundance ratios within this system, graphically showed 
a handful of datasets for a Cen A and the rather large abundance 
ratio variations between them (their Fig. 8 and references therein). 

Because of the proximity of the system, we are able to com- 
pile literature abundance ratios det ermined for the two ne arby stars, 
with respect to the Sun, similar to lRamirez et al.l 1 120101) . This also 
allows us to analyze the formation of the binary system, as illu- 
minated by the abundan ces. The recent discov ery of a terrestrial 
planet orbiting a Cen B JDumusgue et alj|2012i) presents a unique 
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case study for examining the elements found not only within one 
of the closest stars to the Sun, but also within a binary where one 
of the stars is an exoplanet host. It is especially interesting because, 
to-date, there has been no confirmation of an exoplanet around a 
Cen A. 



2 REFERENCE ANALYSIS 

Multiple literature sources have measured the spectroscopic abun- 
dance ratios for the a Cen system. However, few of those au- 
thors have measured both the A and B stellar components. Af- 
ter searching the literature (any exclusion was not intentional), 
we have found that only s even literature sources me a sured both 
stars f or multip le elem ents: Allende Prieto et al.l ( 20041): Gilli et al.l 
feOOd): iLairil (Il985h; iNetiforge-Verheecke & MagainI (ll99'7F 
IPorto de Mello et alj ( |2008|) : iTheveninI ( Il998h : IValenti & Fischeil 
( I2OO5I) . 



If we are to analyze the relative abundances of these two stars, 
we must first understand the data set s before we combine them . 
The abundance measurements taken bv lAUende Prieto et al.l 1 12004) 
were conducted using both the 2.7m telescope at McDonald Obser- 
vatoiy and the ESO 1.52m dish on La Silla. They determined the 
abundances of 16 elemen ts within 118 stars via differential anal- 
ysis. The MARCS code JGustafsson et alJI 19751) was utilized for 
modeling the stellar atmospheres. While they did not investigate 
the effects of non-local thermodynamic equilibrium (NLTE), they 
did take into consideration hyperfine splitting for Cu, Sc II, Mn, Ba 
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II, and Eu II. Their derived effective temperature and specific grav- 
ity for both stars which are Teff = 5519, 4970 K and log(g) = 4.26, 
4.59 , respective ly. 

iGilli et al.l ( l200q) measured the abundances of 12 elements for 
101 stars in the solar neighborhood. Their spectra spanned 3800 
A to 10,000A across five different spectrographs, with consider- 
able wavelength overlap in-between. The standard LTE analysis 
was conducted for all e lements via M OOG l lSnedenll 19731) and the 
ATLAS9 atmospheres ( lKuruczll2005h . The effective temperatures, 
surface grav ities, microturbulence, an d metallicity [Fe/H] were de- 
termined bv lSantos et al.l ( 120051120041) . For both stars, respectively, 
Teff = 5844, 5199 K and log(g)= 4.30 4.37. 

The abundances determined by IPorto de Mello et al.l ( 120080 
for the Q Cen system were extracted using differential analysis 
with respect to the Sun in order to reduce possibly NLTE effects. 
Their stellar atmospheres were determined via the NMARCS grid 
dEdva rdsson et al. 1993), with discrepant results for Teff within the 
B-star between methods (see reference). The found, respectively, 
Teff = 5824, 5223 K and log(g) = 4.34, 4.44. Hyperfine corrections 
wer e included for Mg , Sc I, Sc II, V I, Mn, Co, Cu, and Ba II. 

iTheveninI ( 119981) measured the abundances in 1108 late-type 
stars for 25 elements r anging from Li-Eu . Their analysis of these 
abundances is found in lThevenin & IdiartI ( 119991) . While they also 
examined the NLTE effects within predominantly metal-poor stars, 
they did not find any significant NLTE corrections for the abun- 
dances in solar- type stars, such as a Cen A and B. The stellar pa- 
rameters for both a Cen A and B, respectively, are Teff = 5727, 
5250 K and log(g) = 4.2, 4.6. 

The work performed by IValenti & Fischeij (120050 covered 
1040 main-sequence stars for five elements, including iron. They 
performed an SME analysi s and used the ATLAS9 stellar model 
atmospheres ( lKurucal2005h . for which they deteiinined the stellar 
parameters for both stars, respectively: Teff = 5802, 5178 K and 
log(g) = 4.33, 4.56. They did not take into NLTE effects or hyper- 
fine splitting in their spectral lines. 

iNeuforge-Verheecke & MagainI ( Il997h performed a differen- 
tial analysis relative to the S un for a Cen A and B. While they 
used ATLAS9 atmospheres ( IKuruca l2005h . they used their own 
code for the electron pressures, gas pressures, opacities, and sur- 
face gravities. They determined the stellar parameters for both stars 
as Teff = 5830, 5255 K and log(g) = 4.34, 4.51, respectively. When 
analyzing the abundance ratio measur ements for the elements by 
iNeuforge-Verheecke & MagainI ( Il997h . we found that their deter- 
minations were inherently different than those presented in the 
other works discussed here. Namely, their abundances was consis- 
tently outside the range of values measured by the other literature 
sources by an average of 0.04 dex (later defined as the spread, see 
§3) for six elements. We attribute this dramatic difference to the au- 
thor's use of their own code within their stellar models and/or the 
admitted problems with the weather instruments during the time of 
observations. We have therefore opted not in include this dataset 
within our an alysis. 

Finally, iLairdl ( Il985h determined the carbon and nitrogen 
abundances with intermediate resolution (AA = 1 A). Surface 
gravities were calculated via the spectra and Stromgren photom- 
etry, augmented by gravities based on parallax data and estimated 
masses. A differential analysis was performed and standard LTE 
via MOOG ((Sneden 1973). The stellar parameters for each stars, 
respectively, were found to be Teff = 5600, 5030 K and log(g) = 
4.20, 4.43. An analysis of their abundance ratios found that [C/Fe] 
was consistently offset by 0.2 dex and [N/Fe] by -0.65 dex, as a re- 
sult of their stellar atmospheres being too cool. We found that this 



analysis was not consistent with the other five catalogs and have 
therefore chosen not to include the abundances here. 

Our analysis has yield ed fi ve literat ure s ources : 
Allende Prieto et all ( |2004|); iGilli et al.l (|2006|): 



Porto de Mello et alj ( |2008|) : ITheveninI ( Il998l) : IValenti & FischeJ 
( l2005n . with similar analyses (for example, predominantly curve- 
of-growth and all using LTE, as opposed to NLTE corrections), 
stellar atmospheres, and data corrections (hyperfine structure was 
largely ignored). We have compared these datasets with respect to 
one another in order to rule out any systematic offsets that may be 
present. We found that to a reaso nable degree, the datasets were 
compa rable , with the ex clusion of INeuforge-Verheecke & MagainI 
d 19970 andlLairdI (Il985l) a s prev iously mentioned. We also inves- 
tigated IValenti & Fischen ( l2005b in particular, since their method 
of analysis involved SME as opposed to curve-of-growth. Despite 
previous claims that SME produces results that vary from other 
methodologies, we found that for a Cen A and B, this was not the 
case. 



3 STELLAR ABUNDANCES IN A & B 

Using the element abundance ratios from the five catalogs, we are 
able to analyze 25 elements plus iron in both a Cen A and B, see 
Fig. 1 (left). In an attempt to make the datasets more copacetic, we 
also have placed the abund ance ratio measur ements on the same 
solar scale. As an example, iGilli et al.l ( 120060 determined that the 
abundan ce ratio for [Ti/H] = 0.28 d ex for a Cen A using the solar 
scale by lAnders & Grevessej Il989l) , where \oge{T i) = 4.99. We 
wish to renormalize using the solar abundances of lUodders et al.l 
( I2OO9I) . where loge(Ti) = 4.93. Therefore, the renormalized value 
of [Ti/H] = 0.28 + 4.99 - 4.93 = 0.34 dex. This renormalization 
allows us the only correction available that did not require the recal- 
culation of the individual abundances. In the instance where mul- 
tiple catalogs measured the same element within one of the stars, 
we have chosen to use the median value. In this way, we do not 
favor any one catalog and also avoid the presence of outliers and 
systematic offsets. 

We do not wish to gloss over the abundance ratio variations 
between catalogs, the largest of which we call the spread, or the 
maximum determination minus the minimum. We have therefore 
plotted the abundance ratios in Fig. 1 (left) with error bars that are 
indicative of the spread in the data between catalogs in order to 
determine the upper bound in uncertainty. For those cases where 
only one catalog measured the star for a particular element, we used 
the respective error, see Table 1. 

The most apparent result from Fig. 1 (left) is the similarity be- 
tween the abundance ratios within the binary stars, as well as solar 
(dotted line). The average abundance ratio for all the elements mea- 
sured within Q Cen A is 0.002 dex, while the elements within a Cen 
B have a mean of 0.03 dex. In other words, both have element abun- 
dance ratios that are generally solar, with the B-star abundances 
slightly higher on average than the A-star. 

Analyzing the relative abundances within the two stars with 
respect to each other, we found that the average of the absolute 
difference, or | Babunds- Aabu,ids \, is 0.05 dex with a formal 
Ict uncertainty of 0.05 dex. We use the absolute difference in or- 
der to correctly account for both positive and negative differences 
between the stars. The mean for the abundance ratio uncertainties 
(both respective error and spread) in a Cen A and B are 0.05 dex 
and 0.06 dex, respectively. As a further check of any statistically 
significant difference between the relative A/B abundance ratios. 
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Figure 1. Elemental abundance ratios for the A and B stars as rendered from five literature sources (left) and with respect to condensation temperatures (right). 
All elements are [X/Fe], with the exception of iron which is [Fe/H] and denoted with a black box in order to avoid misinteipretation. The dotted line denotes 
the solar values at 0.0 dex. Errorbars depict the spread in the data when multiple catalogs measurements occurred for the element, standard uncertainty is 
given when only one catalog determined the abundance. The solid lines (right) are a linear fit to the refractory elements ( Tc Jj 900X), with slopes of 0.00015 
X 10-3 dex K-l and -0.0094 X 10"^ dex K-\ respectively. 



we perfoiined a y^ test. The test resulted in a x^ of 32.6 for 26 
degrees of freedom which is equivalent to a 17% chance that the 
observed results diverge from each other by chance. This is not a 
statistically significant result and thus we conclude that the abun- 
dance ratios for the two stars are generally similar to both each 
other and to solar, with the average difference on the order of the 
average error. The abundances ratio within the two stars do vary 
on a case-by-case basis, as shown in Fig. 1 (left). A total of 17 out 
of the 26 elemental abundance ratios have a difference greater than 
the average difference (0.029 dex). For 6 of these elements, the dif- 
ference is greater than the associated uncertainties: Al, Ca II, Ti II, 
V, Y, and Eu. 



4 NEARBY ABUNDANCE IMPLICATIONS 

The concept that chemical history could be u nderstood vi a stella r 
compositions and dynamics first came from lEggen et al.l l ll962h . 
They determined that different metallicities corresponded to differ- 
ent parts of the Milky Way, such that: metal poor stars are within 
the halo, slightly less metal poor stars are within the thick disk, 
while the Sun and nearby stars are more enriched, more "average," 
in the thin disk. 

Part of the allure of studying the a Cen system is due to the 
fact that it is the closest system to the Sun, Taking into account that 
both the A and B components are solar-like in mass: 1.105 Mq and 
0.934 Mq jPourbaix et al.ll2002h , we can assume a similar evolu- 
tion as the Sun. However, there is a distinctly noticeable difference 
in the chemical compositions of the a Cen system and the Sun with 
respect to the typical metallicity indicator. For a Cen A and B, re- 
spectively, [Fe/H] = 0.28, 0.31 dex (see Table 1). 

Given that a Cen A and B are binary stars, where one is a con- 
firmed planet host and the other is not, we would expect to observe 
a signature of planetary formation on the abundances within an ex- 
oplanet host star. The a Cen system proves an excellent case study 
for characterizing the abundances within hosts versus non-hosts. 
However, we and the majority of authors who have analyzed the 
abundances in the a Cen system (see §1), have found that the abun- 



dances are rather variable. Therefore, we regard the uncertainties 
on the abundance ratios within Table 1 as an upper bound. We now 
analyze these differences with respect to the dynamic evolution of 
Q Cen, as well as exoplanet host metallicities. 



4.1 Binary Formation Scenario 

Given the similarity in the stellar abundance ratios, yet super-solar 
[Fe/H], we briefly discuss the formation and dynamical evolution 
scenarios for the a Cen syste m. In relation to the Sun, the a Cen 
components are slightly older ( IMamaiek & HillenbrandluOOSh and 
have comparable helioce ntric space velocity co mponents relative to 
the solar neighborhood ( IHolmberg et al.ll2007l) . The similar abun- 
dance ratios of the a Cen components indicate though that they 
are typical thin-dis k stars which may have formed fro m the same 
material as the Sun JFreeman & Bland-Hawthomll2002h . The ques- 
tion then arises as to whether the components themselves formed 
together or separately. 

The current understanding of binary formation mechanisms 
favors a mutual formation process rather than a capture scenario 
since the latter requires a conservation of energy th at is difficu lt to 
achieve without the involvement of a third body JBossII 19921) . A 
complete K eplarian orbital solutio n for the A and B components is 
provided by IPourbaix et al.l ( l2002h which contains an eccentricity 
of e = 0.5179 ± 0.00076. Although this is a high eccentricity for 
the syst em, it is not atypical for bina ry systems with long periods. 
In fact, iDuquennov & Mavon l ll99ll) show that this falls near the 
peak of the eccentricity distribution for binaries with periods larger 
than 1000 days. The assumption that the a Cen system formed from 
the same material is consistent with the similar relative abundance 
ratios of the components. It is therefore unlikely that the a Cen sys- 
tem underwent a capture scenario for the two primary components 
as this requires significant multi-body interactions early in it's his- 
tory. 
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Table 1. Abundances [X/Fe] and Uncertainties in a Cen A & B 



Elements 


C 





Na 


Mg 


Al 


Si 


Ca 


Call 


Sc 


Sell 


Ti 


Till 


V 


a Cen A 


-0.06 


-0.01 


0.06 


0.09 


-0.01 


0.01 


0.02 


0.15 


-0.01 


0.12 


-0.03 


0.10 


-0.06 


Uncertainty (A) 


0.04+ 


0.07 


0.01 


0.08 


0.03+ 


0.05 


0.06 


0.01 + 


0.05 


0.01 


0.07 


0.03+ 


0.09 


Q, Cen B 


0.01 


0.02 


0.08 


0.09 


0.06 


-0.06 


-0.10 


0.19 


0.03 


0.13 


-0.02 


0.21 


0.11 


Uncertainty (B) 


0.04+ 


0.04+ 


0.06 


0.05 


0.03 + 


0.10 


0.16 


0.01 + 


0.03+ 


0.15 


0.07 


0.03 


0.03 


Elements 


Cr 


Mn 


Fe* 


Co 


Ni 


Cu 


Zn 


Y 


YII 


Ball 


Ce 


Nd 


En 


a Cen A 


-0.05 


-0.05 


0.28 


0.03 


0.01 


-0.10 


0.21 


-0.06 


-0.12 


-0.16 


-0.01 


-0.10 


-0.20 


Uncertainty (A) 


0.01 


0.01 


0.16 


0.05 


0.07 


0.08 


0.04+ 


0.05 


0.04+ 


0.01 


0.11 


0.10 


0.06+ 


aCenB 


-0.09 


-0.03 


0.31 


0.11 


0.01 


-0.02 


0.25 


0.05 


-0.14 


-0.17 


-0.05 


-0.14 


-0.04 


Uncertainty (B) 


0.07 


0.09 


0.11 


0.10 


0.06 


0.02 


0.04+ 


0.04+ 


0.04+ 


0.05 


0.04+ 


0.04+ 


0.06+ 



* Defined as [Fe/H]. 

+ Uncertainty as a result of respective error, as oppo.sed to the spread in the data. 



4.2 Exoplanet Host Metallicity 

The planet-met allicity correlation wa s first put forward by 
iGonzaleJ ( Il997h and was later refined bv lFischer & Valentil ( 120051) 
who 

found that the probability of gas giant formation went as 
th e square of the number o f metal (or [Fe/H]) atom s. Juxtaposed 
to iFischer & Valentil ( |2005|) . iBuchhave eTal] ( 1201 2h noted that the 
metallicity range of stars hosting terrestrial {Rp < 4.0i?®) exo- 
planets is relatively large —0.6 < [m/H] < +0.5, where [m/H] 
is the amount of non-hydrogen and -helium abundances within 
the stellar atmosphere. This metallicity range corresponds to the 
[Fe/H] range observed in the thin-disk stars, implying that pres- 
ence of terrestrial e xoplanets may be exte nsive in the local neigh- 
borhood. However, ISuchhave et al.l ( 120 12h also argued that the av- 
erage metallicity is lower for stars hosting terrestrial planets than 
stars hosting gas giants. With respect to the a Cen system, we find 
that the [Fe/H] abundance in the a Cen components are compara- 
ble. 

One of the pitfalls of analyzing the [Fe/H] content or more 
generic [m/H] is detail lost in the generalization, making it difficult 
to deteiinine the underlying connection between stellar metallic- 
ity and the presence of exoplanets. Solar twins that host terrestrial 
planets reflect a relative deficiency in the refractory elements with 
respect to the volatile elemen ts on the order of ~ 20% or '--^O.OS 
dex i n compari son to the Su n dMelendez et al.l2009l : lRamirez et al.l 
12009 : Ramire z et alJuOlOl) . This deviation is possibly linked to 
presence of teiTestrial exoplanets, where refractory elements (with 
condensation temperatures, Tc ^ 900J\ ) within the solar convec- 
tive envelope were preferentially accreted onto protoplanetary dust 
grains and therefore depleted in the host star. However, both a Cen 
A and B are more enriched in [Fe/H] tha n solar (Table 1). Following 
the discussion in lRamirez et al.l ( 120101) regarding HD 160691 and 
HD 1461, we note that the difference in chemical evolution changes 
the interpretation of abundance ratios, especially with regard to the 
volatile elements. 

We have plotted the abundance ratios fo r both a Cen A and B 
from Table 1 with respect to Tc as given in lRamirez et al.l ( 1201 Ol) 
in Fig. 1 (right). The abundance ratio trends of [X/Fe] vs. Tc are 
more robust for Tc ^ 900A', where the trend becomes non-linear 
below Tc ~ 1000 K. The refractory elements within a Cen A have 
a mean of -0.02 dex and a la uncertainty of 0.09 dex. Similarly, 
within a Cen B the mean is 0.01 dex with a Itr uncertainty of 0. 1 1 
dex. We have also plotted a linear fit (solid lines) for the refractory 
elements only (Tc ^ 900A'), disregarding the abundances of C, O, 
S, and Zn, for a Cen A and B in Fig. 1 (right). These fits give a 
slope of 0.00015 x 10"^ dex K"^ for a Cen A and -0.0094 xlO"^ 
dexK"^ aCenB. 

We find that these slopes align well with the analysis in 



iRamirez et al.l ( |2010|) . for example their Fig. 9 and with regard to 
HD 160691 and HD 1461, where they noted that iron-rich stars 
show slopes near zero or below. Per their interpretation for planet 
formation indicators within the abundance ratios, this confirms the 
signature of a terrestrial planet orbiting a Cen B and implies that a 
Cen A hosts a terrestrial planet yet to be discovered. The lack of a 
confirmed exoplanet orbiting a Cen A, which may be due to detec- 
tion limitations, makes any conclusion regarding planet formation 
in this system preliminary at best. Due to the similar relative abun- 
dances observed in a Cen A as compared to B, it seems unlikely 
that a planet may have been accreted onto a Cen A. 



5 CONCLUSION 

The combined abundance measurements from Allende Prieto et alj 
(2004); Gillietal. (2006); Porto de Mello et al. (2008); Theveni^ 
( ll998l) ; IValenti & Fischej ( l2005b allowed us to better analyze the 
chemical evolution and formation history of both a Centauri A and 
B. We found that abundance ratios within both of the stars were in 
general solar, where the mean was 0.002 dex and 0.03 dex, respec- 
tively, regardless of super-solar [Fe/H] measurements. More phys- 
ically this suggests that the a Centauri system was formed from 
similar material as the Sun. In addition, the average of the absolute 
difference between the two stars was 0.05 dex, such that a Cen B 
is slightly more enriched than a Cen A. 

The abundance ratio determinations for a Cen A and B imply 
that both components were formed during the same epoch from the 
same or similar protostellar cloud rather than a capture scenario. 
The age and spatial velocity is comparable with solar, although the 
a Cen system and the Sun are also unlikely to have formed together. 
The Keplerian orbital parameters of the system is fairly typical of 
binary systems with relatively large orbital periods and is in a stable 
configuration on the timescale of planet formation scenarios. 

If a Cen A and B were formed from the same material, this 
proves an excellent place to study the effects of hosting a terres- 
trial exoplanet on the stellar abundances. There was little statistical 
deviation in the abundance ratios between the two stars, where ter- 
restrial planetary formation theories predict some offset. We found 
that the refractory abundance ratio measurements in a Cen B are 
relatively solar and similar to those observed in a Cen A, both with 
linear fit slopes near-zero or negative . Our results, combined with 
the analysis of iRamirez et al.l ( |2010|) . confirm that the abundance 
ratios in a Cen B show the signature of the confirmed planet and 
suggest that a Cen A is likely a terrestrial planet host. 

In order to better examine the correlation between the metal- 
licity found within giant exoplanet h osts and non-hosts , ther e 
has been a slew of recen t surveys, i.e. iBond et a l. (2008 . 120060; 
iFischer & Valentil ( |2005|) ; lOalvez-Ortiz et al.l ( 1201 II) ; IGonzalej 
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(ll997t):lLaws et all ( l2003h : lReidl ( l2002h : ISantos et alj ( l2004l200lh : 
ISousa et alj ( 1201 ih . The independent conclusions of these analy- 
ses is that stars with orbiting giant exoplanets are more iron-rich 
than non-host stars, however the results for the other elements are 
more discrepant between authors. And unfortunately, the relatively 
small sample size for nearby terrestrial planets m akes any sort of 
abund ance characterization tentative. The results of lBuchhave et al.l 
( 120120 shows the abundance delineation between terrestrial hosts 
and non-hosts are far more subtle than for giant planet hosts. Rec- 
ognizing that the key to understanding planetary formation lies 
within stellar archeology, we look towards studies and compilations 
that are able to measure the individual element ratios within nearby 
stars. It is through this level of detail that we will better understand 
the chemical evolution of our solar neighborhood. 
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